We have recently shown that American ginseng (AG) prevents and treats mouse colitis. Because both mice and humans with chronic colitis have a high colon cancer risk, we tested the hypothesis that AG can be used to prevent colitis-driven colon cancer. Using the azoxymethane (AOM)/dextran sulfate sodium (DSS) mouse model of ulcerative colitis, we show that AG can suppress colon cancer associated with colitis. To explore the molecular mechanisms of the anticancer effects of AG, we also carried out antibody array experiments on colon cells isolated at a precancerous stage. We found there were 82 protein end points that were either significantly higher (41 proteins) or significantly lower (41 proteins) in the AOM 1 DSS group compared with the AOM-alone (control) group. In contrast, there were only 19 protein end points that were either significantly higher (10 proteins) or significantly lower (9 proteins) in the AOM 1 DSS 1 AG group compared with the AOM-alone (control) group. Overall, these results suggest that AG keeps the colon environment in metabolic equilibrium when mice are treated with AOM 1 DSS and gives insight into the mechanisms by which AG protects from colon cancer associated with colitis.
Introduction
Numerous studies have established a link between colitis and colon cancer (1) (2) (3) . The relative risk of colorectal cancer development in ulcerative colitis (UC) patients is 10-fold greater than in the general population (4) and this risk increases with duration of the colitis (2) . The histopathogenesis of UC-associated colorectal cancer involves a stepwise progression from inflamed and hyperplastic epithelia, to flat dysplasia, to adenocarcinoma (5) . Cancer appears to be derived through a multistep process, involving sequential alterations at the molecular and tissue levels. However, the specific molecular events have not been fully described, and little is known what occurs during colitis in mice. We have shown previously that American Ginseng (AG), a putative non-toxic antioxidant can both prevent and treat dextran sulfate sodium (DSS) and oxazolone-induced colitis in mice (6) . As a continuation of these studies, here we describe an ability of AG to inhibit azoxymethane (AOM)/DSS-induced colitis-driven colon cancer. We also explore the mechanistic insight by demonstrating some molecular changes in precancerous colon epithelial cells from mice treated with AOM þ DSS versus AOM/DSS þ AG.
Materials and methods

American ginseng
The details and characteristics of AG have been described previously by our group in detail (6) . An identical lot of AG has been used for these studies. Briefly, AG extract was purchased from the National Research Council of Canada. This extract was derived from roots of AG cultivated by ChaiNa-Ta Farms Ltd (Kamloops, British Columbia, Canada) and processed by Canadian Phytopharmaceuticals Corporation (Richmond, British Columbia, Canada). Following grinding to pass 80 mesh, 35 kg of the root material was extracted with aqueous ethanol (75% ethanol and 25% water) in a recirculating filter extraction system for 4 h at a temperature of 60°C under vacuum. The ratio of solvent to root was 8:1 (vol:wt). After extraction, the filtrate was partially dried in vacuo to yield a concentrated extract. Maltodextrin (2.8 kg) (40% of final weight) was then blended as a support and the resultant slurry was spray dried to yield 7 kg of free flowing powder. Analysis by Canadian Phytopharmaceuticals Corporation by high-performance liquid chromatographyultraviolet against pure standards determined the total ginsenoside content (as the sum of: Rg1, Re, Rb1, Rc, Rb2 and Rd) of the finished material to be 10.1% (wt/wt) and confirmed by high-performance liquid chromatography-mass spectrometry at the National Research Council, Canada. The final, powder form of AG extract also contained 2% additional ginsenosides (made up of F11, Ro, isomers of Rd and traces of malonyl ginsenosides) and 40% of maltodextrin derived from hydrolyzed cornstarch. The remaining 48% of the powder was made up of ginseng root-derived polysaccharides/ligosaccharides and proteins and up to 5% of moisture. The lot utilized in this study was screened and found to comply with standards set (e.g. NSF/ANSI 173-03) for heavy metals and contaminants in dietary supplements and is periodically tested by National Research Council of Canada, Institute for National Measurement Standards to confirm stability of the ginsenoside content.
It should be noted here that regular AIN-93M chow fed to mice contains 12.5% maltodextrin. The addition of 75 p.p.m. AG in the chow equates to 30 mg/kg final concentration of maltodextrin added to 12.5% already in the chow. Therefore, there is 12.5% maltodextrin in the AIN-93M chow and 12.5003% of maltodextrin in the AIN-93M chow supplemented with 75 p.p.m. AG extract.
AOM/DSS-induced colon cancer model
We followed a modified protocol outlined recently by the Wirtz et al. (7) . Supplementary Table 1 (available at Carcinogenesis Online) outlines the treatment groups for this model. Figure 1 outlines the time line. Briefly, 8-to 12-week-old male and female C57BL/6 mice were weighed and given a single intraperitoneal injection of AOM (10 mg/kg) or vehicle on experimental Day 1. One week later, animals received either 1% DSS in their drinking water or normal drinking water. At the same time, mice were given AIN 93M chow containing 0 or 75 p.p.m. AG. Chronic colitis was induced with cyclical DSS treatment, which consisted of 7 days of 1% DSS followed by 14 days of normal water for a total of three cycles. The AG was continued until the end of the experiment on Day 70. The AOM-only group was included to determine whether AG reduced colon cancer in the absence of inflammation. AG and DSS were initiated at the same time to test our initial hypothesis that AG can be used to prevent colon cancer associated with colitis and so that we could test carry out our protein array studies (described below) to compare the difference in epithelial cell protein changes between the AOM þ DSS group and the AOM þ DSS þ AG group on Day 15.
To confirm that the AG was suppressing colitis, two mice from Groups 1, 3 and 7 were killed on Day 15 (see supplementary Table 1 , available at Carcinogenesis Online, and Figure 1 ) and examined for acute inflammation by Swiss rolls, as we have described previously (6) . A Swiss roll is a simple technique, where the entire colon can be removed, opened longitudinally and rolled with the mucosa outward. After histological processing, microscopical examination of the entire length of the colon is then possible. Five mice from the same groups were euthanized on the same day, and single-cell suspensions of epithelial/inflammatory cells were made and pooled from the five mice per group. To ensure no influence of age or sex on protein expression, all C57BL/6 mice used here were male and between 10 and 12 weeks of age. Colons were flushed out with phosphate-buffered saline, opened longitudinally and then incubated in 10% fetal calf serum/5 mM ethylenediaminetetraacetic acid/Ca/ Mg-free phosphate-buffered saline for 15 min. Colons were then shaken gently for 10 s, and the single-cell suspension consisting of epithelial and inflammatory cells were collected in the supernatant. Trypan blue staining revealed .95% viable cells by microscopic observation. Epithelial cells were separated from inflammatory cells using magnetic cell sorting technology, according to kit instructions (mouse CD45 MicroBeads; Miltenyi Biotec, Auburn, CA). Pooled cell pellets from each group were frozen and sent to Kinexus Bioinformatics (Vancouver, Canada) for protein array analysis (see below). To our knowledge, there is no evidence for protein expression being affected by separating cells using antibody columns. Nevertheless, to reduce this possibility and any artifactual results, we processed all colons in all groups at the same time and in an identical manner at 4°C or on ice where applicable.
On Day 70, the remaining mice were weighed and euthanized, and their blood and tissues were harvested. Colons were cut longitudinally and fixed in 10% buffered formalin overnight. The colons were then stained with methylene blue and scored for the number of colonic macroscopic lesions, to determine the incidence (number of animals with at least one macroscopic lesion) and multiplicity (number of macroscopic lesions per animal) of macroscopic lesions. Macroscopic lesional area, based on length and width, was also calculated. Following photography, colons were rinsed with ice-cold phosphatebuffered saline and processed for histopathology [hematoxylin and eosin (H&E)] and immunohistochemistry by paraffin embedding.
Assessment of pathology
Following H&E staining, colons were assessed for tumor pathology in a blinded fashion by a trained pathologist. Low-grade dysplasias were defined as adenomatous changes, with simple glandular architecture, branching or elongation of crypts, a low nuclear to cytoplasmic ratio, cell nuclei elongated (picket fence look), nuclear crowding, stratified, hyperchromatic nuclei, changes extend to surface (not maturing), nuclei maintain polarity and nucleoli not conspicuous. High-grade dysplasias were defined as adenomatous changes with architectural complexities, a high nuclear to cytoplasmic ratio, increased mitosis, loss of normal gland architecture, variable gland size and shape, glands still have connective tissue core (space, collagen or cells) between them, tufting (back to back glands), loss of nuclear orientation, large cell nuclei (not basal), oval or round, pseudostratification, irregular nuclear membranes, large nucleoli and aberrant nuclei. Carcinoma in situ (CIS) was defined as a highgrade dysplasia plus nuclei big, piling up, bizarre bridging over/cribiform pattern (sieve-like), filling in of lumen with glands, loss of connective tissue core (no space or collagen or connective tissue or cells between glands, right next to each other) and glands within glands, back to back glands. The size of the abnormal pathology was defined as small (one villus involved) or large (.1 villus involved). All were adenomas, and there were no adenocarcinomas, consistent with some previous studies (8) .
Antibody microarray
Protein from epithelial cells was isolated and scanned for protein expression using antibody microarrays (Kinexus Bioinformatics). Group 1 (AOM only) was the control group and compared with both the AOM þ DSS group (Group 3) and AOM þ DSS þ AG group (Group 7). Analysis of protein extracts by such arrays was carried out in full by Kinexus Bioinformatics under a contractual agreement. The antibody microarray has the capability of quantitatively screening the expression of 800 individual proteins. The current full Kinex TM Service uses the KAM-1.2 chip with two samples analyzed in duplicate with 800 antibodies. The 500 pan-specific antibodies used in the chip provide for the detection of 193 unique protein kinases, 24 protein phosphatases and 150 regulatory subunits of these enzymes and other cell signaling proteins that regulate cell proliferation, stress and apoptosis. This provides information about the expression levels of these target proteins. The 300 phospho-sitespecific antibodies track the phosphorylation of 121 sites in protein kinases, 2 sites in protein phosphatases and 125 sites in other cell signaling proteins. In some cases, multiple antibodies from different commercial vendors have been used to monitor the expression or phosphorylation of the same target proteins.
Western blot analysis
Standard western blotting techniques were used. The antibodies used were: Phospho-c-Jun (Ser63) (Cat# 9261, 1:500; Cell Signaling Technology, Danvers, MA); Pax 2 (Cat# 2549-1, 1:500; Epitomics, Burlingame, CA); Phospho-Her2/ErbB2 (Tyr1248) (Cat# 2247, 1:500; Cell Signaling Technology); PP6C (Cat# 07-1224, 1:500; Millipore, Billerica, MA); EphA1 (Cat# sc-925, 1:500; Santa Cruz Biotechnology, Santa Cruz, CA) and IRAK1 (Cat# sc-5288; Santa Cruz Biotechnology).
Statistics
A chi-square contingency table analysis was done on the AOM/DSS and AOM/ DSS plus AG inhibitor groups to determine if there is a statistically significant difference in their inflammation scores. Macroscopic lesion incidence was examined using a Fisher's exact test, which is equivalent to a test for binomial proportions. Because the usual assumptions underlying the analysis of variance test are not satisfied in assessing the significance of the F-statistic value from the analysis of variance table, instead of using the F-distribution, we used a permutation distribution to examine macroscopic lesion multiplicity. A nonparametric Kruskal-Wallis test was used to compare mean macroscopic lesion area. A Fisher's exact test was used to test the significance of association between treatments and classifications (low grade, high grade and CIS). Protein expression levels were assumed to either follow a zero-mean normal distribution (null case) if the protein is non-differentially expressed or three types of mixtures of normals (alternative) if differentially expressed. Using maximum likelihood estimation via the expectation-maximization algorithm and Akaike's An Information Criterion, the posterior probabilities that proteins follow the mixture normal distribution were computed, and those with probabilities of at least 95% were declared differentially expressed. The P-value chosen for significance in this study was 0.05.
Results
AG suppresses AOM þ DSS-induced macroscopic lesions
We have shown previously that AG suppresses colitis (6) . Because both mice and humans with chronic colitis are at a high risk for colon cancer, here, we tested the hypothesis that AG prevents the onset of colon cancer in a mouse model of colitis-driven colon cancer. Following 70 days (Figure 1 ), colons were harvested and stained with methyl blue to examine macroscopic lesions. Table I shows that the 88% of mice treated with AOM þ DSS, but 0% in all other groups (AOM, DSS, AG, AOM þ AG and DSS þ AG) had macroscopic lesions. A total of 20% (2/10) mice treated with AOM þ DSS þ AG (75 p.p.m.) had macroscopic lesions. This difference was statistically significant using a Fisher's exact test (P , 0.05).
Macroscopic lesion multiplicity (number of macroscopic lesions per animal) also decreased with AG treatment (Table I ). The total number of macroscopic lesions in the AOM þ DSS group was 70 and the total number of macroscopic lesions in the AOM þ DSS þ AG group was 5. Permutation distribution analysis found similar results to that of incidence. The difference between the AOM þ DSS Ginseng and colon cancer (4.6 ± 0.9 macroscopic lesions per animal) and AOM þ DSS þ 75 p.p.m. AG (0.5 ± 0.41 macroscopic lesions per animal) was statistically significant (P , 0.05). Finally, macroscopic lesion area (square millimeter) also decreased with AG treatment (Table I ). The mean area of macroscopic lesions in the AOM þ DSS group was 2.8 ± 0.3 mm 2 and the mean area of macroscopic lesions in the AOM þ DSS þ AG group was 0.8 ± 0.3 mm 2 (P , 0.05). Figure 2A shows typical colons from each group after staining (arrows point to a macroscopic lesion); Figure 2B shows representative H&E sections of the indicated group.
AG suppresses the severity of microscopic colon adenomas associated with AOM þ DSS Because many lesions are not macroscopically evident, as well as some growths are not necessarily cancerous under a microscope, we next sectioned each colon and examined by histology. As shown in Table II , the addition of AG to the diet of AOM þ DSS-treated mice dramatically lowered the severity of microscopically observed adenomas present. Only 25.5% of total microscopic lesions were classified as low-grade dysplasia in the AOM þ DSS group. In contrast, almost 3-fold (62.5%) of total microscopic lesions were in the same category when AG was added to the chow. This trend shifted when looking at microscopic lesions of high grade and/or CIS. Lesions (74.5%) were of high grade and/or CIS in the AOM þ DSS group, whereas only one half (37.5%) of the lesions were in the same high-grade/CIS category when AG was added to the chow. Using Fisher's exact test, the association between treatments (AOM þ DSS versus AOM þ DSS þ AG) and classifications (low grade versus high grade versus CIS) was significant (P 5 0.02), indicating a strong association. As indicated, no lesions were classified as adenocarcinomas, consistent with other similar studies (8, 9) .
Effects of AG on the expression of inflammation and cancer markers: screening of 800 biomarkers To better understand the mechanisms of actions of AG at a precancerous level, we collected single-cell suspensions of colon epithelial cells (separated from other cells such as inflammatory cells) and screened for 800 biomarkers using an antibody microarray. To do this, we collected colon tissues after AOM injection and one cycle of DSS (see Figure 1 and supplementary Table 1 is available at Carcinogenesis Online). As mentioned in the Materials and Methods, to reduce the possibility of artifactual results, we processed all colons in all groups at the same time and in an identical manner at 4°C or on ice where applicable. We first confirmed that inflammation was higher in the AOM þ DSS versus the AOM-only group and lower in the AOM þ DSS þ AG group versus the AOM þ DSS group by measuring colon length. As we have shown previously, colon length shrinks when inflamed (6, 10) . Results indeed showed that colon length was 7.6 ± 0.09 cm in the AOM group, 6.6 ± 0.29 cm in the AOM þ DSS group and 8.3 ± 0.1 cm in the AOM þ DSS þ AG group. Results were confirmed by histopathological evaluation of inflammatory index of colons on two separate mice from each group (data not shown). Separate mice had to be used for such purposes because inflammatory index was gauged by H&E staining. At the same time, we processed colon epithelial cells from five separate mice for examination by the Kinexus antibody microarray [Kinex TM Antibody Microarray (KAMS-1.2)].
We first compared the AOM to the AOM þ DSS group. The proteins whose posterior probability of being differentially expressed (that is at least 0.95) are shown in supplementary Table 2 , available at Carcinogenesis Online. In brief, there were 82 protein end points that were either significantly higher (41 proteins) or significantly lower (41 proteins) in the AOM þ DSS group compared with the AOM-alone (control) group. In contrast, there were only 19 protein end points that were either significantly higher (10 proteins) or significantly lower (9 proteins) in the AOM þ DSS þ AG group compared with the AOM-alone (control) group (supplementary Table 3 is available at Carcinogenesis Online). It stands to reason that proteins upregulated to a similar extent in both supplementary Tables 2 and 3 (available at Carcinogenesis Online) are unlikely candidates targets for the protective effects of AG in the AOM þ DSS model. Such proteins include DNAPK (DNAactivated protein-serine kinase), p38 MAPK (mitogen activated protein-serine kinase p38 alpha), Erk4 (extracellular signal-regulated kinase 4) and Phospho T-538 PKCq (protein-serine kinase C theta). However, COT [Osaka thyroid oncogene protein-serine kinase (Tpl2)] and Erk1 [extracellular signal-regulated kinase 1 (p44 MAPK)] were both 4-fold upregulated in the AOM þ DSS þ AG group than in the AOM þ DSS group when compared with the AOM control.
Similarly, proteins downregulated to a similar extent in both supplementary Tables 2 and 3 (available at Carcinogenesis Online) are also unlikely candidates for the protective effects of AG in the AOM þ DSS model. These include FLT4 [vascular endothelial growth factor receptor-protein-tyrosine kinase 3 (VEGFR3)], phosphor-Y577 FAK (focal adhesion protein-tyrosine kinase), phosph-S657 PKCa (protein-serine kinase C alpha), RSK1 (ribosomal S6 protein-serine kinase 1), PKBb (Akt2) (protein-serine kinase B beta) and phosphor-Y84 BLNK (B-cell linker protein).
TTK (dual specificity protein kinase) was downregulated in both groups, but significance was only reached in the AOM þ DSS þ AG group. Expression of CDK1 (cyclin-dependent protein-serine kinase 1) and phospho-T394 MEK2 [mitogen-activated protein kinase (MAPK)/ ERK protein-serine kinase 2] were both elevated in the AOM þ DSS group but significantly downregulated in the AOM þ DSS þ AG group. Although DAXX (death-associated protein 6) and LcK (lymphocyte-specific protein-tyrosine kinase) were increased slightly in the AOM þ DSS group, significance was only reached in the AOM þ DSS þ AG group. Table III lists the candidate molecules that are potentially responsible for AOM þ DSS-induced cancer and suppression of these cancers by the addition of AG to the diet. Table IIIA shows proteins that are elevated significantly in the AOM þ DSS group (therefore indicating possible tumor promoter properties) but not in the AOM þ DSS þ AG group. These include phopho-S63 Jun, phospho-S394 Pax2 (paired box protein 2), phospho-Y1248 ErbB2 (HER2), PARP1 [poly (adenosine diphosphate-ribose) polymerase 1], phospho-S910 PKCm (PKD) (protein-serine kinase C mu/protein kinase D), phospho-T410/T403 PKCz/l (protein-serine kinase C zeta/lambda), Erk5 (extracellular signal-regulated kinase 5), PKA R2a (cyclic adenosine 3#,5#-monophosphate-dependent protein-serine kinase regulatory type 2 subunit alpha), Hsp90 (heat shock protein 90 kDa protein alpha/ beta), SODD (silencer of death domains), ErbB2 (HER2) (ErbB2 (Neu) receptor-tyrosine kinase) and phospho-T693 EGFR (epidermal growth factor receptor-tyrosine kinase).
To confirm the results from the antibody array, we examined lysates by western blot. In addition to epithelial cell lysates (CD45À cells), we also probed lysates from inflammatory (CD45þ) cells. Figure 3 shows that the three proteins/modifications listed on the top of Table IIIB (phopho-S63 Jun, phospho-S394, Pax2 and phospho-Y1248 ErbB2) were indeed elevated in the epithelial lysates (CD45À cells) from the AOM þ DSS mice and AG suppressed this elevation.
In contrast, there are proteins that are all significantly downregulated in the AOM þ DSS group but not downregulated or expression is increased in the AOM þ DSS þ AG group (Table IIIA) . These data indicate such end points are potential tumor suppressors, where expression is reduced by AOM þ DSS and that this decreased expression is protected by the addition of AG. Such proteins include phopho-T385 mitogen activated protein kinase kinase 1 (Mek1) (MAPK/ERK protein-serine kinase 1), IR/IGF1R (insulin receptor/insulin-like growth factor 1 receptor), IRAK1 (interleukin 1 receptor-associated kinase 1), Crystallin (crystallin alpha B), PP6C (protein-serine phosphatase 6 catalytic subunit), CDC2L5 (cell division cycle 2-like protein-serine kinase 5), Hsp60 (heat shock protein 60 kDa protein 1), CaMK1g (calcium/calmodulin-dependent protein-serine kinase 1 gamma), phosphor-S363/S369 RSK1/2 (phospho-serine363/serine369-ribosomal S6 protein-serine kinase), CaMK2a (calcium/calmodulin-dependent protein-serine kinase 2 alpha) and PP1/Ca (protein-serine phosphatase 1-catalytic subunit-alpha isoform).
Again, to confirm results from the antibody array, we examined lysates by western blot. In addition to epithelial cell lysates (CD45À cells), we again probed lysates from inflammatory (CD45þ) cells. Figure 3 shows that the three proteins/modifications listed on the top of Table IIIA (PP6C, EphA1 and IRAK1) were indeed reduced in the epithelial lysates (CD45À cells) from the AOM þ DSS mice and AG offset this reduction.
Discussion
There is increasing attention being paid to complementary and alternative strategies for the prevention of high cancer risk, radical species overload diseases (11) . This is mostly because of serious side effects associated with conventional treatment strategies of such diseases at a precancerous stage. Since we have recently shown that AG can be used to prevent and treat mouse colitis (6), we tested the hypothesis that AG can prevent colon cancer associated with colitis. Using the AOM/DSS mouse model of UC, we show here for the first time that results are consistent with this hypothesis.
Many studies have shown anticancer effects of AG in vitro. For example, ginseng and ginseng components can induce apoptotic genes and suppress cell-cycle mediators (12, 13) and enhance the anticancer effects of standard chemotherapeutic agents (14) in colon cancer cell lines. Increasingly, in vivo models have shown an anticancer effect of ginseng components. One of the earliest studies done to show a chemopreventive effect of ginseng appeared in the literature .25 years ago. Yun et al. (15) found that the prolonged administration of Korean red ginseng extract inhibited the incidence as well as the proliferation of tumors induced by 7,12-dimtheylbenz(a)anthracene, urethane and aflatoxin B1. More recently, ginseng components have been shown to inhibit metastases (16, 17) , as well as inhibit the growth of tumor xenografts (18) in animals. Some forms of ginseng have been shown to inhibit angiogenesis (19) , inhibit benzo[a]pyrene-induced lung tumorigenesis in mice (20) , inhibit hepatocarcinogenesis in mice (21) as well as show promise in improving quality of life and reducing mortality from human cancers (22) . Ginseng can also enhance the effects of standard therapeutic regimens against cancer (23, 24) .
With respect to colon cancer, others have shown that ginseng can inhibit the formation of aberrant crypt foci in rat colon cancer models (25) . Ginseng has also been shown to inhibit the expression of inflammatory markers in Helicobacter pylori-infected cells (26) . As well, we and others have shown an ability of ginseng to inhibit the activation of inflammatory cells and therefore inhibit resultant procarcinogenic epithelial damage (6, 27) .
The molecular mechanisms of the anticancer effects of ginseng in vivo are not completely understood. To bridge this understanding, we carried out antibody array analysis of protein collected from colon epithelial cells at a precancerous stage (Figure 1 ) but exposed to chronic inflammation. To our knowledge, we provide the first set of data screening putative candidate proteins/protein subunits/protein modifications responsible for or associated with the onset of adenomas associated with AOM þ DSS treatment. Additionally, we provide insight into candidate proteins responsible for the protective effects of AG in AOM þ DSS-treated mice (Table III and Figure 3) .
Proteins/protein subunits/protein modifications shown to be upregulated in the AOM þ DSS group but not changed or downregulated by AG represent possible targets of AOM þ DSS to drive inflammation-associated colon cancer. We have identified 11 such candidate tumor oncogenes/tumor promoters in this particular model of colon cancer (Table III) .
Jun is a well-documented proto-oncogene in many cancers including colon cancer (28) . Among many mechanisms, this transcription factor cooperates with oncogenic alleles of ras in malignant transformation. Constitutively active Ras causes (via activation of MAPKs)
Ginseng and colon cancer phosphorylation of c-Jun, which is essential for subsequent target gene activation and tumorigenesis (29) . We should note here, that we found the phosphorylated form of Jun to be upregulated. c-Jun has also been shown to antagonize the activity of the potent tumor suppressor protein, p53 (30) .
The PAX gene encodes DNA-binding proteins and plays a role in embryogenesis and carcinogesis [31) . Upregulation of PAX2 is observed in prostate cancer, ovarian carcinomas, renal cancer and colon cancer and is used as a diagnostic marker in primary renal tumors (32) . Apoptosis is induced in cancer cells by the inhibition of PAX2, possibly because PAX2 acts as a transcriptional repressor of p53 (33) .
ErbB2 (her2) is an oncogenic protein that belongs to the ErbB family of receptor tyrosine kinases and is implicated in tumor progression. It is often overexpressed in epithelial tumors, including colon cancer (34) . Most notably, ErbB2 has been a key target in the treatment of breast cancers, where approximately 15-20% of breast Asterisks indicate significantly differential expression compared with the AOM-only group. IRAK1, interleukin 1 receptor-associated kinase 1; MEK1, mitogen activated protein kinase kinase 1; MAPK, mitogen-activated protein kinase; cAMP, cyclic adenosine 3#,5#-monophosphate.
cancers have an amplification of this gene or overexpression of its protein product (35) . Interestingly, ErbB2 and EGFR [which is overexpressed in cervical, breast, prostate and colon cancers (36) (37) (38) ] are key mediators of tumor necrosis factor (TNF)-regulated anti-apoptotic signals in intestinal epithelial cells. Specifically, loss of ErbB2 or EGFR expression increases TNF-induced apoptosis (39) . Given evidence for TNF signaling in the development of colitisassociated carcinoma, this observation has significant implications for understanding the role of EGFR in maintaining intestinal epithelial cell homeostasis during cytokine-mediated inflammatory responses. Extracellular signal-regulated kinase 5 (Erk5) is a member of the MAPK family. Erk5 is a tumor promoter and is reported to inhibit apoptosis of endothelial cells in vitro (40) . Inhibition of Erk5 expression by microRNA-143 contributes to Jurkat cell apoptosis and colon cancer DLD-1 cell growth suppression (41) . Interestingly, Erk5 plays an essential role in the upregulation of cyclooxygenase-2 in colon cancer cells (42) . Similarly, it has been shown that PKCmu (PKD) plays a key role in the upregulation of Cox-2 by pro-inflammatory cytokines in colonic subepithelial myofibroblasts (43) . In CD95-sensitive Colo357 cells, forced overexpression of PKCmu strongly reduced CD95-mediated apoptosis. In addition, PKCmu overexpression led to a strongly enhanced cell growth and to a significant increase of telomerase activity (44) . PKCzeta and lambda levels were also elevated in AOM þ DSS-treated groups and suppressed by the addition of AG. The upregulation of particulate PKCzeta has been implicated in rat colonic carcinogenesis (45, 46) , consistent with our findings.
SODD is a widely expressed anti-apoptotic protein. It binds to the TNF-a receptor and prevents spontaneous self-association of death domains and inappropriate receptor signaling. In addition, overexpression of SODD suppresses TNF-a-induced cell death (47) . Interestingly, mice lacking SODD produce larger amounts of cytokines in response to in vivo TNF challenge. In addition, TNF-induced activation of nuclear factor-kappaB is accelerated in SODD-deficient cells, consistent with the understanding that SODD is critical for the regulation of TNF signaling (48) .
PKA R2a is highly expressed in a somatomammotroph GH3 cell line and in pituitary adenomas, whereas less expressed in cortisolsecreting adrenocortical tumors (49, 50) . The role of PKA is dependent on its location and balanced expression between regulatory subunit 1 (R1) and regulator subunit 2 (R2). The R2-selective cyclic adenosine 3#,5#-monophosphate analog 8-Cl cyclic adenosine 3#,5#-monophosphate and R1A RNA silencing stimulates cell proliferation and increases Cyclin D1 expression, respectively, in human and rat adenomatous somatotrophs. These data indicate that a low R1:R2 ratio promotes proliferation (49) . PKA inhibition in pancreatic cancer cells has been shown to lead to growth arrest and apoptosis (51) . The role of PKA R2a in colon carcinogenesis, however, remains unclear.
HSP 90 inactivates v-src oncogene product transformation when complexed with src (52). Inhibition of HSP90 activity is the key to the degradation of oncoproteins such as Erb B2 and thus is considered an anti-neoplastic target in diverse human tumors including colon (52) (53) (54) . HSP 90 inhibitors have been developed as anticancer drugs in preclinical trials (55, 56) . It is very important to the stability and function of multiple cancer-related proteins, such as ERB-B2 (EGFR) and VEGFR and is crucial to cancer cell growth and survival (53) .
PARP1 is a stability protein that is found expressed in neoplastic tissues. It is a nuclear enzyme that signals the presence of DNA damage by catalyzing the addition of adenosine diphosphate-ribose units to DNA, histones and various DNA repair enzymes and by facilitating DNA repair. Inhibition of PARP potentiates the activity of DNA-damaging agents, including chemotherapeutics and radiation. PARP1 is reported to play role in early stage of colorectal carcinogenesis (57) and possibly in metastases in mouse colon carcinoma cells (58) . There are currently a number of clinical trials testing the ability of PARP inhibitors as a cancer treatment strategy (59) .
Proteins shown to be downregulated in the AOM þ DSS group but not changed or upregulated by AG represent putative tumor suppressors in the AOM þ DSS model. We have identified 11 such candidate tumor suppressors in this particular model of colon cancer. Interleukin 1 receptor-associated kinase (IRAK1s) are key mediators in the signaling pathways of toll-like receptors/interleukin-1 receptors (IL-1Rs). IRAK1 can initiate a cascade of signaling events eventually leading to induction of inflammatory target gene expression (60) . Given this, it was interesting to find that this molecule is downregulated in the AOM þ DSS epithelial cells. Because this finding was confirmed by western analysis, we are unable to explain the result at this time. It is possible that although IRAK1 levels are unchanged in the inflammatory cell lysates and downregulated in the epithelial cells from AOM þ DSS mice, IRAK1 activity is elevated. We are currently exploring this hypothesis.
Interestingly, two proteins (PP1/Ca and PP6C) belonging to protein kinases family are found to be putative tumor suppressors in our studies. This result is consistent with other studies. PP1 inhibitors have been found to be pro-carcinogenic (61) . Little is known about the role of PP6/Ca in carcinogenesis. It does play a role in a DNA damage response because silencing of PP6c by small interfering RNA induces sensitivity to irradiation and delayed release from the G 2 /M checkpoint (62) .
Inconsistent with previous studies, we have found that there are several tumor-promoting proteins to be suppressed by AOM þ DSS but not when AG was added to the diet. For example, MAPK kinase MEK1 is known to promote carcinogenesis. Recently it has been found that constitutive activation of MEK1 in intestinal epithelial cells is sufficient to induce an epithelial-to-mesenchymal transition associated with colon tumor invasion and metastasis (63) . Potent and selective inhibitors of MEK1 and MEK2 have been developed as well and are currently in phase I/II clinical trials (64) . Insulin-like growth Ginseng and colon cancer factor-I (IGF-I), IGF-II and insulin have recently been found to be involved in regulating several different signaling pathways related to carcinogenesis via the type I IGF receptor (IGF1R) and insulin receptor (IR). Upregulated IGF1R/IR has been shown in cell culture, animal studies and human diseases to be involved in malignant transformation, progression and metastasis (65, 66) .
Since the differential expression during tumorigenesis and metastasis in various epithelial tumors, Alpha-B-crystallin, a small heatshock protein, has recently been shown to be involved in cancer biology. It is described as a molecular regulator of cyclin-D1 ubiquitination and inhibits pro-apoptotic proteins such as caspase-3, p53, Bax and Bclx's and TNF-related apoptosis-inducing ligand resistance in numerous human cancer cell lines (67) (68) (69) (70) ). Consistent with our findings, however, is that alpha-B-crystallin expression is high in normal colon tissues (71) , but absent in colon cancer tissue (72) .
There is little known about the physiological functions of CDC2L5, which is also downregulated by AOM þ DSS treatment. It has been shown that it is a Cdk-like kinase, and there is a functional role of the CDC2L5 kinase in splicing regulation (73) . The Ca2þ/ calmodulin-dependent protein kinases (CaMKs) are multifunctional serine/threonine kinases whose activity is regulated through Ca2þ signaling (74) . The most widely studied CaMKs include CaMKI and CaMKII. The CaMKs regulate the development and activity of multiple different cell types. CaMKI and II expression has been found in endometrial cancer cells and correlates with malignant potential of this tumor (75) . The specific role of CAMK1g in tumorigenesis is also unclear, however.
Although its biological functions are not well elucidated, ribosomal S6 kinase (RSK) is an important downstream effector of MAPK. From clinical pathological investigation of tumor samples, overexpressed RSK has been found in $50% of human breast cancer tissues (76) . Targeted inhibition of RSK can also phosphorylate and inactivate Bad via a PKC-dependent and Erk-independent pathway in gastric cancer cells (77) . These findings suggest that RSK plays a role in proliferation of transformed cells and may be a new prospective drug target for chemotherapeutic agents.
Overall, we have shown that AG suppresses tumorigenesis in the AOM þ DSS mouse model of colitis. Importantly, we provide some mechanistic insight into these findings. More specifically, by isolating colon epithelial cells at a relatively early stage of the process, where cells have yet to be identified pathologically as cancerous, we have parsed out 11 proteins that were upregulated in AOM þ DSS-treated mice, but not in AOM þ DSS þ AG-treated mice. All have putative or known tumor promoting properties, suggesting that AOM þ DSS promote colon tumorigenesis through the activation of one or more of these molecules, and AG suppresses this activation. Of the 11 proteins we identified as being suppressed by AOM þ DSS, few have putative or known tumor suppressor properties. Surprisingly, many have tumor-promoting properties. There are several possibilities for this latter finding, including the particular model we have used here, and a differential role for these particular proteins in our model. Another possibility is that these particular proteins do not play a role in tumorigenesis in the AOM þ DSS mouse model. Together, though, we provide several possible candidate proteins involved in AOM þ DSS-induced colon carcinogenesis and that one or more of these candidates are a target by which AG protects from AOM þ DSSinduced colon carcinogenesis. The general finding that 82 protein end points were significantly changed in the AOM þ DSS group compared with the AOM-alone (control) group, but only 19 protein endpoints were significantly changed in the AOM þ DSS þ AG group is consistent with the hypothesis that AG keeps the colon environment in metabolic equilibrium when mice are treated with DSS.
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